Summary. An integrating microinterferometer was used to measure the dry mass of sperm heads. The dry mass was found to be proportional to DNA content, and thus provides a useful method of estimating sperm DNA content.
Introduction
The use of quinacrine fluorescence techniques has made possible the identification of the human Y chromosome in non-dividing nuclei, including spermatozoa. In somatic cells, it is possible to confirm the identification of the Y chromosome by comparison with metaphase chromosomes from the same individual. With spermatozoa this is not possible, but we have shown, by Feulgen microdensitometry, that spermatozoa with a fluorescent spot had significantly less DNA than those without a fluorescent spot, and that the difference corresponded to that expected for haploid genomes containing an X or a Y chromosome (Sumner, Robinson & Evans, 1971) . Nevertheless, these results were unsatisfactory in several ways. The problems involved in using the Feulgen reaction with spermatozoa are well known (Bouters, Esnault, Salisbury & Ortavant, 1967;  Gledhill, Gledhill, Rigler & Ringertz, 1966; Esnault, 1973) , and although we were able to obtain a satisfactory result, the variability of our measurement was undesirably great. In addition, it has been found that irradi¬ ation of quinacrine-stained chromosomes damages the DNA so as to cause an excessively weak Feulgen reaction. Evidently, if the genome of spermatozoa were to be measured with the precision needed to detect rather small differences, techniques of measurement requiring the minimum of pretreatment would be desirable.
Such a technique is integrating microinterferometry whereby the dry mass of microscopical objects can be measured at the touch of a button. Equipment for this technique recently became available to us, and this paper describes our experiments to find the best methods for preparing sperm heads for dry mass measurements, and also shows that there is a difference in dry mass between the heads of X-and Y-bearing spermatozoa.
Methods and Results
The instrument used was the Vickers M86 Integrating Microinterferometer (Vickers Instruments, York, England). The principles and use of this instrument have been described by Goldstein & Hartmann-Goldstein (1974) . When the instrument is operated, it produces a result which represents the integrated optical path difference (o.p.d.) (i.e. refractive index thickness) in arbitrary units and, if required, the area of the object as well. The area of the specimen to be measured is selected using an electronic masking system. All measurements were made using the x75, n.a. 1-1, water-immersion objective, and all specimens were measured while immersed in distilled water. This not only produced the best optical conditions for the objective, but also reduced the greatest o.p.d. to less than about 0-95 of a wavelength, which is the maximum the instrument can measure.
Methods ofpreparation
All semen samples, produced by masturbation, were washed three times with 0-9 % sodium chlor¬ ide solution before further processing (which will be described below).
Preparation methods for sperm slides were assessed by two criteria; suitability for quinacrine fluorescence of Y bodies and consistency of dry mass measurements.
Effect on quinacrinefluorescence. Unfixed spermatozoa were spread on slides using the Cytospin centrifuge (Shandon Scientific Instruments). These preparations were stained with quinacrine according to our usual method Spermatozoa fixed in suspension with methanol-acetic acid gave the most satisfactory results (Sumner, 1971) The quinacrine fluorescence and dry mass measurements indicate that fixation is essential, and washing in water desirable, for best results. The following procedure was therefore adopted for all subsequent work described here. (1) The semen sample was washed three times in 0-9 % (w/v) sodium chloride. (2) The sample was fixed in methanol-acetic acid (3:1 v/v), for 3 periods of 10 min each. (3) The spermatozoa were spread on a slide by dropping a small portion of the suspension into fresh fixative. (4) The slide was stained with 0-5 % quinacrine for 3 min, rinsed briefly in deionized water, mounted in a minimum of deionized water and sealed with rubber solution. (5) None of the differences in area between the classes of haploid sperm is statistically significant. The dry mass of diploid sperm heads is 1-992 times that of haploid sperm heads, remarkably close to the expected value considering the small number of diploid spermatozoa measured. However, the area of diploid sperm heads was only 1-389 times that of haploid sperm heads, compared with the expected value of 1-587 (2*) (Sumner, 1971) . This discrepancy may be because all the diploid (Deitch, 1966) (Table 3) . (Table 3) , the results do not support their identity with YY-bearing spermatozoa.
Discussion
As shown in this paper it is possible to use integrating microinterferometry to estimate the DNA content of human spermatozoa. This technique, in which the dry mass of the sperm head is actually measured, reduces the preparative procedures to a minimum, although in our experiments fixation was required so that we could classify the spermatozoa by quinacrine fluorescence. Our dry mass measurements show a coefficient of variation of 8-3 %, compared with 15-2 % for our earlier Feulgen measurements , a notable improvement. (Lindstrom, Zetterberg & Carlson, 1966; Carlson & Gledhill, 1966; A. T. Sumner, unpublished results) . In this case DNA would constitute something like 55 % of the mass of the sperm head.
We have used measurements of dry mass of human sperm heads to confirm our earlier results that there is a difference in DNA content between spermatozoa showing a quinacrine-fluorescent body, and spermatozoa with no such body. In the present work we found a difference of 2-13 % between these two classes; the difference was extremely significant, and corres¬ ponded closely to that expected for the difference in DNA content between X-and Y-bearing sperm in this individual, an XYY man with large Y chromosomes. We feel that the evidence is now irre¬ futable that human spermatozoa with one and no quinacrine-fluorescent spots represent Y-and X-bearing spermatozoa respectively.
The proportion of spermatozoa with two Y bodies in this man (2-38 %) is higher than that re¬ ported elsewhere (1-3%) (Pawlowitzki & Pearson, 1972) . Initially it was thought that this might represent a higher than normal proportion of YY spermatozoa, because the donor is a 47.XYY male, although previous meiotic studies (Thompson, Melnyk & Hecht, 1967) (Robinson, 1971 ). It has also been shown that males with a large Y chromosome have a higher proportion of duplexes than those with a Y chromosome of average size (Robinson & Buckton, 1971) . It may be that the higher proportion of spermatozoa with two Y bodies found in our sperm donor reflects the size of his Y chromosome rather than his XYY status. The brilliantly fluorescent region may appear subdivided into two or more zones, especially in large Y chromosomes (Buhler, Müller, Müller & Stalder, 1971 ;  Knuutila & Gripenberg, 1972; Jalal, Pfeiffer, Pathak & Hsu, 1974 .
